Background Mortality data, including the risk factors for mortality in HIV-infected children with pulmonary TB (PTB) being treated for PTB and who are on antiretroviral therapy (ART), are scarce in Nigeria. We determined the mortality rate and risk factors for mortality among such children, at the pediatric HIV clinic of the Jos University Teaching Hospital (JUTH) in Jos, Nigeria.
Introduction
In 2014, the World Health Organization (WHO) estimated that there were 1.2 million human immunodeficiency virus (HIV)-positive new tuberculosis (TB) cases globally, 74% of them living in sub-Saharan Africa. TB was the most common presenting disease in people living with HIV (PLWHA), including those on1 of 2.6 million children with ages below 15 years living with HIV in 2014 2 , 15,000 died.
3 About 0.55 million children develop TB disease each year, 70-80% being pulmonary TB, of which 80,000 die each year. 4 In the African sub-region various risk factors for mortality have been identified in children with TB-HIV co-infection, before or during ART; some of these children had received antituberculosis treatment (ATT) prior to ART initiation while others had not. [4] [5] [6] [7] [8] [9] However, mortality data including the risk factors for mortality in HIV infected children with pulmonary TB (PTB), being treated for PTB and on ART, are lacking in Nigeria. Such data could be useful in the overall strategy of reducing the morbidity and mortality associated with TB-HIV co-infection in children, not only in Nigeria but also in the African sub-region.
In this study we determined the mortality rate and the risk factors for mortality among PTB-HIV co-infected children being treated for PTB and on ART, at the pediatric HIV clinic of the Jos University Teaching Hospital (JUTH) in Jos, Nigeria. We have previously described elsewhere 10 the prevalence and the risk factors for pulmonary tuberculosis in this cohort of PTB-HIV co-infected children at the time of diagnosis and enrollment into care. This present study now focuses on the factors that could impact their mortality as they are being followed-up while on ART and ATT.
Methods

Study design
We performed a retrospective cohort study on PTB-HIV-1 co-infected children being treated for PTB and on ART from July 2005 to March 2013.
Study subjects
There were 260 PTB-HIV-1 co-infected children, aged 2 months to 13 years, being treated for PTB and on ART during the study period. These study subjects were among a total of 707 children, aged 2 months to 13 years who were on ART during the study period. Children diagnosed with HIV-1 infection were routinely screened for PTB and other forms of TB and usually started on ATT before initiating ART.
Study setting
The study site was a pediatric HIV clinic, supported by AIDS Prevention Initiative in Nigeria (APIN), at JUTH, which provides HIV care services for the city of Jos, in Jos North Local Government Area (LGA) of Plateau State. The state has an estimated population of 3,206,531.
11 The clinic is one of the largest of its kind in North-Central Nigeria and has been previously described in detail.
Patient care and management HIV diagnosis and the criteria for initiating ART in the children were based on the Nigerian National Guidelines for Pediatric HIV and AIDS Treatment and Care.
12,13 The techniques used for HIV serodiagnosis in children have been presented in detail elsewhere.
10 Most children had ART initiated within 2 to 4 weeks of HIV diagnosis. From the time of HIV and PTB diagnosis and initiation of ART, the children were monitored, initially every 1 or 2 weeks for one month then at 4-week intervals thereafter. The first-line ART the children were initiated on could be any one of the following combinations: zidovudine (AZT) + lamivudine (3TC) + nevirapine (NVP) or AZT + 3TC + efavirenz (EFV) or AZT + 3TC + abacavir (ABC). Those failing first line ART were placed on second line regimen: ABC + 3TC + lopinavir/ritonavir (LPV/r) or tenofovir (TDF) + 3TC + LPV/r.
12,13
At enrollment into the HIV care programme, all children were routinely screened for PTB and other forms of TB. All children diagnosed with PTB received 6 months of standard ATT based on the 2010 Nigerian National Tuberculosis and Leprosy Control Programme (NTLCP) guidelines.
14 The ATT consists of four drugs (rifampicin, isoniazid, pyrazinamide and ethambutol) given in the initial intense phase that lasts 2 months and two drugs (rifampicin and isoniazid) in the continuation phase that lasts 4 months. Recommendations on the timing of ATT in relation to ART initiation underwent several changes during the study period: in some cases ART was initiated 2 months or more after starting ATT 15 (the study period [2005] [2006] [2007] [2008] , and in others as early as 2-8 weeks after starting ATT 13 (the study period [2009] [2010] [2011] [2012] [2013] . The children were also placed on co-trimoxazole (CTX) for opportunistic infection (OI) prophylaxis at some point after HIV diagnosisin some cases before initiating ART and in others afterwards, depending on the existing national guidelines at the time.
As part of routine clinical care, all patients had laboratory tests performed at baseline, and repeated every 6 months to monitor adherence and adverse drug reactions. Laboratory evaluations included viral load, CD4+ count, full blood count, blood chemistry (liver and kidney function tests).
At each clinic visit, patients and their caregivers received adherence counseling by trained nurses, and were taught how to use alarm clocks daily as reminders on when their next ARV dose was due.
Prompt treatment for any identified intercurrent infections was also provided to the patients. Any associated malnutrition was managed with 'plumpy nuts' in some cases, in addition to nutrition education. Caregivers were encouraged to engage in the HIV support group.
Ethics approval
For use of the data for this research, parents/ guardians of the children gave a written informed consent and the research was approved by the Ethics Committee of the Jos University Teaching Hospital, AIDS Prevention Initiative in Nigeria (APIN) Ltd, Abuja and Harvard T. H. Chan School of Public Health, Boston, USA.
Source of data
For our analyses, we retrieved patient data from our electronic medical records systems (EMRS). Patients' data were maintained in electronic databases, data having been entered into the EMRS from paper-based records that had been completed at the point of care.
Data were obtained at the time of enrollment into care and included baseline data such as: demographic (age, gender, year enrolled), clinical (height, weight, WHO HIV clinical stage, oral thrush, prophylaxis with co-trimoxazole for opportunistic infections), and laboratory (hemoglobin level, viral load and CD4+ cell count). Outcome data including death and cause of death, as well as failing first line ART were also obtained.
Case definitions
A case of PTB was a child, either clinically diagnosed/ suspected with PTB (smear negative) or bacteriologically confirmed (smear positive) or both 14 and a child with both PTB and HIV at the time of HIV diagnosis was regarded as a case of PTB-HIV co-infection. 15 A clinically diagnosed case of PTB was defined as a child with persistent cough >2 weeks and a chest radiograph suggestive of PTB, plus one or more of the following: history of close contact with a TB case, fever, progressive weight loss or failure to thrive, poor appetite, night sweats, reduced playfulness or fatigue, wasting, pallor, chest signs. Chest radiograph features suggestive of PTB include one or more of the following: perihilar and/or paratracheal nodular shadows, streaky and nodular shadows, diffuse bilateral patchy opacities, homogenous opacities in any of the lung fields with or without features of pleural effusion, and miliary shadows. A bacteriologically confirmed case of PTB was a child with smear positive microscopy on ZiehlNeelsen (Z-N) staining of sputum specimen for the presence of acid fast bacilli (AFB) on light microscopy. Gastric aspiration for smear microscopy is rarely done in our clinic setting.
Severe malnutrition was defined by a WHO weight-for-age Z score (WAZ) of < -3, 16 the Zscores adjusted for age and sex having been determined from subjects' weight and height using the WHO AnthroPlus software (WHO, Geneva, Switzerland).
17
Severe immunosuppression (SI) was determined from the absolute CD4+ cell count using the CDC definition for SI in children <13 years 18 as follows: counts of <750/cmm for children <1 year, 500/cmm for those 1-5 years of age and <200/cmm for those >5 years old. Anemia as defined by the WHO referred to Hb <8 g/dL.
Outcome variable
The outcome was death and this was categorized as resulting from HIV-related causes, ARV drug toxicity, or unknown causes. The cause of death was obtained from hospital records or through verbal autopsy from family members. Children who voluntarily withdrew from care or transferred to other health care facilities were considered as lost to follow-up (LTFU). Each child was followed up from the time they started ATT until death or to the end of the study period on 31
st March 2013 or until censored at the time of being lost to follow-up.
Statistical analysis
The association between each independent variable and death was first examined using the Wilcoxon-Mann-Whitney test for continuous variables and the Chi squared or Fisher's exact test for categorical variables. Incidence based mortality was calculated with deaths as the numerator divided by total child-years. The cumulative probability of death was estimated using Kaplan-Meier survival methods and the survival curves were compared between groups using the log-rank test.
Associations between the independent variables and death were examined using unadjusted Cox proportional hazards regression modeling. Variables that were associated with death in the unadjusted Cox regression at p<0.05 were fit into a multivariate Cox regression model, followed by a forward stepwise modeling strategy where variables with p<0.05 remained in the model and those with p>0.10 exited the model, at each step of the modeling process. Results were presented as Hazard Ratios (HRs) along with 95% confidence intervals (CIs). All analyses were performed using Stata software version 10.0 (Stata Corporation, College Station, Texas, USA). All tests were two-sided with a p-value of <0.05 considered statistically significant.
To test for the potential impact of those that were LTFU, we repeated our multivariate modelling treating those that were LTFU as having died.
Results
Characteristics of patients
From July 2005 to March 2013, 260 children aged 2 months to 13 years with PTB-HIV coinfection being treated for PTB and on ART were studied, of which 245 (94.2%) had a known outcome and 15 (5.8%) were LTFU. The median follow-up time of the study cohort was 5.2 years (IQR, 3.5-6.0) and the total study time they contributed was 1159 child-years. Their median age was 3.6 years (IQR, 1.8-6.0) and 130 (50.0%) were males. The median time to starting ATT from the time of HIV diagnosis and enrollment into care was 1.0 month (IQR, 0.5-2.1). Most of the children (160, 61.5%) were enrolled in the years 2005-2007 when initiation of ART was deferred until a 6-month course of ATT was completed or until completion of the 2-month initiation phase of ATT. The majority were started on ATT (225/260, 86.5%) before being initiated on ART, most of them starting ATT within 2 months before ART initiation (160/260, 61.5%). The median time between starting ATT and initiating ART was 1.9 months (IQR, 0.6-3.8). Most children were in WHO clinical stage 3 or 4 (126, 52.1%) and not receiving CTX prophylaxis prior to initiating ART (211, 81.2%). Only a few had oral thrush (11, 4.2%), severe malnutrition (66, 27.1%) and severe anemia (12, 5.0%). There were 111 (42.7%) with severe immunosuppression. The median baseline CD4+ cell count and CD4% were 473 cells/cmm (IQR, 305-697) and 15% (IQR, 11-21) respectively, while the median HIV RNA viral load was 10.9 log 10 copies/mL (IQR, 9.2-12.1) ( Table 1 ). The majority of those with severe immunosuppression (75/111, 67.6%) were children <5 years of age.
Mortality in the study cohort
Out of the 260 PTB-HIV co-infected children being treated for PTB and on ART, 16 (6.2%) had died by the end of the follow-up period. The overall mortality rate was 1.4 per 100 child-years of follow-up (95% CI, 0.8-2.3) for the study cohort. For those who died, the median followup time was 0.2 years (IQR, 0.1-0.5) and for those who survived it was 5.5 years (IQR, 4.3-6.0). The median age of those who died was two years lower than that of survivors: 1.9 years (IQR, 0.6-3.6) versus 3.8 years (IQR, 1.8-6.0), p=0.005) ( Table 2 ).
The deaths were attributed to: HIV-related causes (14, 87.5%), ARV toxicity (1, 6.3%), other causes (1, 6.2%) and none to unknown causes. Most of the deaths occurred within the Data are presented as number (%) or median (interquartile range). *This refers to the number and (%) of those lost to follow-up out of the total for each category. ART -antiretroviral therapy; HIV -human immunodeficiency virus; PTB -pulmonary tuberculosis; RNAribonucleic acid; WHO -World Health Organization. first 6 months of the follow-up period (14, 87.5%). The majority of the children who died were: males (13, 81.2%), <5 years of age (14, 87.4%), had severe immunosuppression (11, 68.8%) and did not receive CTX prophylaxis prior to initiating ART (13, 81.3%). Among the children that died none failed first line ART ( Table 2 ). All the deaths (16, 100%) occurred in children who were still on first line ART. More deaths (11, 68.8%) occurred in the study period 2005-2007 when ART was initiated 2 months or more after starting ATT compared to fewer deaths (5, 31.2%) in the study period 2008-2013 when ART was initiated as early as 2-8 weeks after starting ATT. The following Kaplan-Meier survival probabilities are shown in Figure 1 : overall, by gender, severe immunosuppression and age group. In unadjusted analyses, the log rank tests showed significant associations between gender (p=0.012), as well as severe immunosuppression (p<0.031) and mortality risk from the time of ATT commencement.
In the unadjusted Cox regression analysis, the risk of dying decreased by 27% for every 1 year increase in age (unadjusted hazard ratio (HR) = 0. Table 3 .
Over the study period, 15 children were considered LTFU as they voluntarily withdrew from care or transferred to other health care facilities. A sensitivity analysis was performed whereby all LTFU children were considered deaths with a higher mortality rate of 2.7 per 100 child-years of follow-up.
Discussion
The overall mortality rate was 1.4 per 100 child-years of follow-up, the proportion of deaths in the study population was 6.2% and the risk factors for mortality were age, male gender and severe immunosuppression among the study cohort.
The mortality rate of 1.4 per 100 child-years and the proportion of deaths (16/260, 6.2%) observed among our study patients was lower compared to the proportion of deaths among HIV-TB co-infected children treated for TB and on ART in a Malawian study 5 (92% had PTB) where 11.05% (123/1113) died, but slightly higher than that of a South African study 7 (74.5% had PTB) where mortality was 4.8%. Another study from the West Indies 20 in children with HIV-TB co-infection (87% had PTB) receiving ATT and on ART, showed a higher mortality figure of 20% compared to the 6.2% in our study. In agreement with our study, it is well established that mortality is generally lower in HIV-infected children on ART compared to those not on ART, with or without TB coinfection. 5, 21, 22 Our lower mortality figure may be attributed to our HIV programme's policy of prompt screening for TB of all children diagnosed with HIV, and followed by the immediate commencement of ATT prior to early initiation of ART. Our sensitivity analysis examined the worst-case scenario where all LTFU patients were considered to have died. This yielded a higher mortality rate of 2.7 per 100 child-years of follow-up and 11.9% mortality. Our median time to starting ATT from the time of HIV diagnosis and enrollment into care was 1.0 month (IQR, 0.5-2.1). Early initiation of ART, within 2-8 weeks of starting ATT in the majority (61.5%) of our patients, may have contributed to the lower mortality in our study. We observed that fewer deaths (5/16, 31.2%) were recorded among children in the study period 2008-2013 when ART was initiated within 2-8 weeks of starting ATT, which was comparable to the Malawian study 5 where fewer deaths (44/225, 19.5%) occurred in children with TB-HIV coinfection initiating ART within 0-2 months of starting ATT. There were fewer children with severe malnutrition (27.1%) in our study and this also could have contributed to the lower mortality. As part of our HIV care, children with any associated malnutrition at enrollment into care were managed with 'plumpy nuts' in some cases, in addition to nutrition education and this could have contributed to the prevention of subsequent malnutrition at follow-up. It has been shown that malnutrition, especially severe malnutrition, in TB-HIV co-infected children is associated with a higher mortality.
9,23
The mortality in children <5 years of age in Nigeria in 2013 was reported as 2.6%, with 4% of all the deaths due to HIV-AIDS. 24 The mortality of 6.2% in our study, where the majority (65%) of the children were <5 years, was higher than the overall under-five deaths reported in that study. This was as expected, since HIVinfected children with TB as comorbidity are usually at a higher risk of death than children without HIV or HIV-TB.
Our study showed that younger children with PTB-HIV co-infection, aged <5 years, were more likely to die than older children and also mortality was 43.7% in children <1 year of age, with the risk of dying decreasing by 25% for every 1 year increase in age. This was similar to the findings in Peruvian children treated for tuberculosis (42% had PTB, although only 0.1% had HIV co-infection), where younger age was a predictor of mortality, with mortality highest in children <1 year of age (46.9%), and then decreasing to 3.2% by 14 years of age. 25 The mortality pattern with respect to age in this study was similar to that of a cohort study among HIVinfected Zambian children 26 receiving ART and ATT (5.7% TB co-infected) where mortality was higher in younger children and reduced by 10% for each additional year of age.
In our study male gender was a risk factor for mortality and we also observed that the proportion of those who died was higher than that of survivors (43.7% versus 9.2%) in the younger age group (< 1 year) in contrast to the older age groups, and that the proportion of deaths in the under-five age group was higher compared to the other age groups combined (87.4% versus 12.6%). Our findings are in conformity with several reports that infant mortality is higher in boys than it is in girls in most parts of the world 27-29 which has been explained by genetic and biological differences, and with the observation by Sawyer et al 28 that on average, mortality in boys <5 years in the 2000s was about 2% higher than that seen in girls in less developed regions such as Africa. However, our finding contrasts with that of a South African study (42.5% had TB) where Zanoni et al 30 reported that female gender associated increased mortality in HIV infected children initiated on ART and that of another study in children in North America where mortality rate was higher in female children, this being attributed to gender differences in HIV viral load 31 . Zanoni et al concluded that it is not clear whether this disparity is due to biological differences between genders, or to social differences such as delayed presentation for care, differences in parental supervision of boys and girls, or devaluation of females that could place girls at higher risk of mortality after ART initiation in South Africa.
We found that severe immunosuppression in our study cohort at HIV diagnosis was a risk factor for mortality in our TB-HIV co-infected children, and this finding was similar to that of the Malawian study.
5
The severe immunosuppression seen in TB-HIV co-infection has been attributed to CD4+ T-cell depletion.
32,33
One limitation of this study was the possible overestimation of the number of PTB cases and hence a higher proportion of PTB-HIV coinfection cases due to our inability to routinely provide bacteriological confirmation (culture and/or smear microscopy) of PTB in most cases; even though it is well-recognized that bacteriological confirmation is often difficult in childhood TB because of their paucibacillary nature. Only 1.2% (3/260) of our study cohort were bacteriologically confirmed (sputum smear positive). Another limitation was that we used only baseline measurements of CD4+ counts, viral loads and other baseline variables in our analyses, not taking into consideration repeat measurements of these variables, all of which could have influenced subsequent mortality in the study cohort; and similarly, the modifications of these variables during the treatment for either TB or HIV could also have influenced mortality. Our sensitivity analysis indicated that LTFU in our patient population may have resulted in an under-estimate of the mortality.
Since our study was only limited to Jos, in Nigeria, even though our pediatric HIV clinic is one of the largest in North-Central Nigeria, it may be difficult to generalize our findings to all Nigerian children. We therefore recommend that, as a line of future research, similar studies, but prospective cohort studies, should be carried out to find out how clinical and laboratory parameters as well as patient clinical care could impact mortality in PTB-HIV co-infected children undergoing TB and HIV treatment.
Conclusion
In our clinic setting, mortality among our PTB-HIV co-infected children being treated for PTB and on ART was low. However, those of them presenting with severe immunosuppression and who are males and very young, should be monitored more closely during followup in order to further reduce mortality.
